Abstract Alcohol use and sexual risk behaviors are multidimensional phenomena involving many genetic and environmental factors. 5-HT transporter linked promoter region (5-HTTLPR) polymorphism constitutes an important factor affecting alcohol use problems and risky sexual behaviors. This paper narratively reviews studies on 5-HTTLPR polymorphism and its associations with alcohol use problems and sexual risk behaviors. We searched the electronic databases, PubMed, Ovid, and Google Scholar for articles using MeSH terms. Relevant articles were reviewed and eligible articles were selected for the study. Many studies have reported a significant but moderate association between 5-HTTLPR polymorphism and alcohol use problems. These studies have implicated the presence of at least one S allele to be associated with significant increases in alcohol use problems. Similarly, some studies associate the S allele with increased sexual risk behaviors. Effective alcohol cessation initiatives and STI/HIV prevention programs should be modified to account for 5-HTTLPR polymorphism before planning interventions; genetic effects could moderate the intervention effect.
Introduction
Alcohol use and sexual risk-taking are complex and multifactorial behaviors involving an interplay between genetic, environmental, and social factors (Edenberg et al. 1998; McHale et al. 2009 ). Alcohol use is associated with uninhibited behaviors and impaired judgment. It has been implicated in highrisk sexual behaviors like failure to use condoms and having multiple sexual partners. Though the threshold for alcohol use precipitating risky sexual behaviors differ between individuals, the degree of intoxication and history of alcoholism have been associated with increased risky behaviors in both riskprone and risk-averse individuals (Bryant 2006; Organista and Kubo 2005) . Alcohol use also tends to compromise information processing, emotional regulation, and executive functioning, which could be important in adhering to safe sex practices and other preventive behaviors. Accordingly, many studies have shown alcohol use to be a major risk factor for sexually transmitted infections (STIs) (Kalichman et al. 2007; Rees et al. 2001) .
Several studies have demonstrated an association between genetic variables and alcohol use problems. One of the implicated genes is the serotonin transporter gene (SLC6A4) (Feinn et al. 2005) . As early as 1987, Cloninger (1987) showed that deficits in central serotoninergic neurotransmission was associated with early onset alcoholism as well as addictive behaviors. Serotonin is a monoamine neurotransmitter involved in many psychological and physiological processes like mood, behavior, sleep regulation, vascular tone, food intake, pain, motor activity, and platelet functions (Coccaro et al. 1990; Glennon and Dukat 2002; Hoyer et al. 2002) . Serotonin is also involved in complex novelty-seeking behaviors (Vormfelde et al. 2006) . Serotonin is synthesized by the cell bodies of raphe nuclei and is carried to the cerebral cortex, subcortical regions, and hippocampus, thereby regulating many complex reward circuitry pathways within the central nervous system. Serotonin released into the synaptic cleft acts on serotonin receptors on post-synaptic neuronal membranes. Some of the serotonin released into the synaptic cleft undergoes a process of reuptake through serotonin transporters (5-HT transporter, 5-HTT) located on the pre-synaptic neuronal membranes and metabolized by monoamine oxidase enzymes (Heils et al. 1995) . This is the mechanism for synaptic regulation of serotonin levels, which in turn, controls the magnitude and duration of post-synaptic serotoninergic neuronal responses. Alterations in these mechanisms could be responsible for several behavioral and neurocognitive dysfunctions.
The serotonin transporter gene is located on chromosome 17q12. The promoter and the 14 exons of the serotonin transporter gene span 31 Kbs on chromosome 17 (Lesch et al. 1994) . A polymorphic region of the serotonin transporter gene is situated in a guanine-cytosine (GC-rich) region made up of 20-23 bp repeats. This region is identified by a 43-bp insertion-deletion at the promoter region (5-HT transporter linked promoter region, 5-HTTLPR) (Heils et al. 1996) . This variation in the promoter is associated with changes in the transcriptional activity of the gene. The two alleles that constitute this variation in the promoter region are termed the long (L) and the short (S) alleles and exhibit different phenotypes (Nakamura et al. 2000) . The effects of SS and SL genotypes varies significantly from LL genotype. Cells with a homozygous L allele (LL), in comparison to those containing S allele (SL and SS), synthesize 1.4-1.7 times more 5-HTT messenger RNA (mRNA) . The LL variant has a threefold higher basal activity for 5-HTT than the SS and SL variants. In addition, cells with the LL variant are capable of serotonin reuptake from the synaptic cleft at a rate 1.9-2.2 times than that of SS and SL variants .
Since the first study by Sander et al. (1998) , several studies have been conducted on alcohol-dependent populations to evaluate the role of allelic variations of the 5-HTT transporter genes. Most of the studies demonstrate an association between 5-HTTLPR polymorphism and alcohol use problems, most commonly, alcohol dependence. According to the DSM V, Balcohol dependence is maladaptive pattern of alcohol use, leading to clinically significant impairment or distress^(American Psychological Association 2013). The role of 5-HTTLPR on alcohol use problems has been controversial. Similarly, although not conclusive, some recent studies have shown an association between 5-HTTLPR polymorphism and sexual risk behaviors (Sales et al. 2014) . In the wake of recent studies on the associations between 5-HTTLPR polymorphism, alcohol use problems, and sexual risk behaviors, it is important to review all these factors jointly for the development of effective interventions for alcohol use problems and STIs. The main objective of this paper is to review and analyze serotonin transporter promoter polymorphism and its associations with alcohol use problems and risky sexual behaviors.
Search strategy and selection criteria
We searched the electronic databases, PubMed, Ovid, and Google Scholar for articles published between January 1995 and December 2014 (20 years) by combining the following search terms: Bserotonin transporter polymorphism,B serotonin transporter promoter polymorphism,B 5HTTLPR,^B5HTT linked polymorphic region,B SCL6A4^and Balcohol,^Bdrinking,^Bsubstance abuse,B risky sexual behaviors,^and Bsexual risk.^A total of 39 studies that met the review criteria were included in this study (Fig. 1) . We followed a narrative review method to summarize studies on the associations between 5-HTTLPR polymorphism and two risk factors: alcohol use problems and sexual risk behaviors.
5-HTTLPR polymorphism and alcohol use problems
Several studies point to greater strength in the S allele to predict alcohol dependence. A meta-analysis of 22 studies (n= 8050) showed that there was significant association between the S allele and alcohol dependence. This association was stronger for SS and SL genotypes when compared to the LL genotype. This meta-analysis also reported a 15 % greater likelihood of having at least one S allele in patients diagnosed with alcohol dependence (McHugh et al. 2010) . Another meta-analysis of 17 studies by Feinn et al. (2005) , reported similar associations between the S allele and alcohol dependence. This study reported an odds ratio of 1.18 (95 % confidence intervals (CI)=1.03-1.33) for the S allele in alcoholdependent subjects; hence an 18 % higher risk for developing alcohol dependence.
The association between the S allele and alcohol dependence has also been strong in research across genders and ethnicities. In a study involving 118 subjects of Han Chinese origin, the S allele was associated with increased risk for alcohol dependence and subjects with L alleles were found to be less susceptible (Wang et al. 2011) . In a study done by Enoch et al. (2011) , among 360 treatment-seeking African-American male patients, the frequency of the S allele was found to be significantly associated with alcohol dependence. A study by Lin et al. (2007) demonstrated that the SS genotype was significantly associated with alcohol consumption and dependence in a group of male Han Chinese population from Taiwan. In a longitudinal study of 583 adolescents, Merenäkk et al. (2011) showed that the SS genotype was associated with increased alcohol consumption. Similarly, van der Zwaluw et al. (2010) reported associations between the S allele and higher incidence of alcohol consumption in a group of 428 Dutch adolescents.
Research has also found the S allele to be related to variations in drinking patterns. Herman et al. (2005) also reported that the S allele was associated with a higher risk for binge drinking among women. Hammoumi et al. (1999) showed that Caucasian subjects with the SS and SL genotypes had increased frequency of binge drinking, compared to the LL genotype. The S alleles were also associated with early onset of binge drinking when compared to LL variants. A study among college students at George Washington University showed that the S allele was associated with increased risk of binge drinking (Herman et al. 2005) . Matsushita et al. (2001) reported a higher frequency of the SS genotype among a sub-group of Japanese male adult alcoholics with binge drinking behaviors. Herman et al. reported an association between the S allele and alcoholism in young Caucasian women (Herman et al. 2005) . Hallikainen et al. (1999) found that the S allele was associated with early onset alcoholism in a Finnish study. In a Japanese study, subjects with late-onset alcoholism showed increased frequencies of the S allele (Ishiguro et al. 1999) . Hallikainen et al. (1999) also reported that the S allele was significantly associated with type 2 alcoholism (onset of alcoholism before 25 years of age) in the Finnish study.
In contrast to those findings pointing to the power of the S allele in the development of alcohol use disorders, a Korean study found that participants with L alleles showed higher risk for alcohol dependence (Kweon et al. 2005 ). This study also showed a gene-dose effect which suggested that people with the LL genotype had a higher risk for alcoholism when compared to the LS and SS variants. Additionally, increased frequency of the L allele was seen in individuals with a positive family history of alcohol dependence. In a study involving 97 Portuguese alcohol-dependent subjects, Pombo et al. (2008) showed that most (30.7 %) had the LL genotype, with 19.8 % displaying the SS genotype and the remaining had the SL genotype. Studies found that the L allele predicted alcohol dependence across ages, genders, and ethnicities. Gokturk et al. (2008) found an association between LL genotype and severe alcoholism in women. In a study of 305 German adolescent subjects, the LL genotype was associated with increased alcohol consumption in adolescent female participants (Skowronek et al. 2006) . Schuckit et al. (1999) reported an association of LL genotype with higher incidence of alcoholism in a population of male subjects.
The L variants were also associated with early onset of alcohol use disorders in several studies. Daws et al. (2009) analyzed the genotypes of adolescents from mixed races (mostly Caucasian and Hispanics) and found that the LL genotype was associated with early onset of alcoholism when compared to SS and SL genotypes. They also found an association between the LL genotype and longer duration of alcohol abuse. Participants with the LL genotype also showed an increased number of 5-HTT indicated by indirect measures like platelet binding profiles of selective serotonin reuptake inhibitor (SSRI) drugs. This indicates faster depletion of serotoninergic activity and increased risk for alcoholism. Matsushita et al. (2001) showed that individuals with LL and LS genotypes had earlier onset of alcohol use when compared to subjects with SS genotype. In a study of factors affecting age of onset of alcoholism, it was observed that the LL genotype was relatively more susceptible to early onset alcoholism because of inadequate levels of serotonin functioning (Johnson 2000; Johnson and Ait-Daoud 2000) .
There are other studies that do not show a relationship between 5-HTTLPR polymorphism and alcohol dependence. For example, a meta-analysis of 25 case control studies (n=8885) found no link between 5-HTTLPR polymorphism and alcoholism (Villalba et al. 2015) . In a German study conducted among 250 institutionalized alcoholics and 94 healthy controls, no significant differences were observed with respect to S and L allele genotypes between the two groups (Kohnke et al. 2006) . Similarly, in a Spanish study of 165 alcohol-dependent patients, 113 heroine-dependent patients and 420 healthy controls, Saiz et al. (2009) showed that there were no associations between 5-HTTLPR polymorphism and alcohol dependence. Rasmussen et al. (2009) studied an elderly population of women with a history of severe alcoholism and also found no association between 5-HTTLPR polymorphism and alcohol dependence. Similarly, in a family based study on adult males, Stoltenberg et al. (2002) did not find any association between the 5-HTTLPR polymorphism and diagnosis of alcoholism or levels of alcoholism. Table 1 shows the summary of studies examining associations between HTTLPR polymorphism and alcohol use problems.
5-HTTLPR polymorphism and sexual risk behaviors
Research has shown that 5-HTTLPR polymorphism can adversely affect neuropsychological factors like information processing, executive functioning, memory, anxiety, depression, suicidality, and other specific behaviors and temperaments (Cysique et al. 2004; McArthur et al. 1989 ). There are several neurobiological mechanisms associated with 5-HTTLPR polymorphism which include neuroticism, reward dependence, delayed gratification of tasks, harm avoidance, novelty seeking, etc. (Carver and Miller 2006) . Sexual risk behaviors such as unprotected sex, risky sexual encounters, and multiple sex partners are examples of novelty-seeking behaviors (Zuckerman 1979) and have been associated with 5-HTTLPR polymorphism (Wood and Nizam 2014) .
There are very few studies on the associations between 5-HTTLPR polymorphism and risky sexual behaviors. In a study done by Wood et al. (Wood and Nizam 2014) , among 284 undergraduate students, it was found that participants with the LL genotype had better cognition about risky sexual behaviors as assessed by three measures: the Cloninger Temperament and Character Inventory (TCI), the Physical Risk Frequency Inventory (PRFI), and the Physical Risk Assessment Inventory (PRAI). Hamer et al. (2002) reported that participants with SS and SL genotypes had more frequent sexual encounters than those with the LL genotype. In a study conducted by Sales et al. (2014) , it was recommended that 5-HTTLPR polymorphism should be ascertained before enrolment into STI/HIV prevention interventions because participants with the S allele were more resistant to risk reduction strategies when compared to those with L alleles. This study also reported increased levels of anxiety and lack of assertiveness in sexual decisions in participants with S alleles when compared to those with L alleles, predisposing them to greater risk for sexually transmitted infections and HIV. Paaver et al. (2007) studied the effects of 5-HTTLPR polymorphism among adolescents who participated in the Estonian Children Personality Behavior and Health Study and concluded that participants with the S allele reported higher impulsivity and error rates measured by visual comparison task (VCT) assessments. In another study of the same population, Paaver et al. (2008) also showed that participants with the SS genotype were more susceptible to stressful familial and environmental triggers and showed increased disinhibition and impulsivity. Table 2 shows the summary of studies that showed associations between 5-HTTLPR polymorphism and sexual risk behaviors.
Studies linking serotoninergic activity with alcoholism and other substance use as well as high-risk sexual behaviors
There are very few studies that consider serotoninergic activity, alcohol use problems, and high-risk sexual behaviors jointly. The studies on differential responses to interventions for alcohol cessation and associated neurobiological factors showed that there were strong associations between serotonin deficiencies and heavy alcohol use and risky sexual behaviors due to impulsivity (Bowirrat and Oscar-Berman 2005; Trobst et al. 2002) . Kogan et al. (2010) has further identified a relationship between early onset substance use (including alcohol) and significant high-risk sexual behaviors with 5-HTTLPR polymorphism, specifically associated with S allele. In their study among rural African-American youth, early onset substance use measured at age 14 was significantly related to high-risk sexual behaviors measured in a follow-up visit at age 16. 
Discussion
The associations between alcohol use problems, sexual risk behaviors, and 5-HTTLPR polymorphism are highly variable. Currently there are many views on the actual mechanism impacting alcohol dependence and addictive behaviors in the presence of 5-HTTLPR polymorphism. Heinz et al. (2001) found that LL genotypes had decreased levels of serotonin in the synaptic cleft and this could be responsible for higher levels of impulsivity. Further, Johnson and Ait-Daoud (2000) suggested that decreased serotonin levels in the synaptic cleft could be responsible for persons with LL genotypes having early onset problem drinking. Both the authors hypothesized that LL homozygotes have an increased amount of 5-HTT in pre-synaptic membranes, thereby leading to faster cessation of serotonin activity in the synapse. This functional deficiency of serotonin has been implicated as a factor for many addictionrelated variables like early onset problem drinking, heavy drinking patterns, and impulsivity. The unanimity of the authors' conclusions about the LL genotype showing greater propensity for addictive behaviors and problem drinking, as well as the reversal of these symptoms with SSRI medications, suggests a broader hypothesis that decreased serotonin levels could be responsible for addictive behaviors (Dawes et al. 2009 ). Another view is that the S allele is associated with increased alcohol dependence, addictive behaviors, and personality traits like neuroticism (Feinn et al. 2005; Herman et al. 2003; Munafò et al. 2006) . The homeostatic effects of serotoninergic systems in genesis, differentiation, and maturation of neurons are thought to be responsible for these effects. Serotonin is an important mitogenetic and morphogenetic factor for brain development (Gaspar et al. 2003) . The S allele has decreased serotonin transporters and increased serotoninergic activity in the synapse. Through unknown mechanisms, serotonin affects the formation and plasticity of both neocortical and subcortical brain matter (Lesch and Gutknecht 2005) . This hypothesis has been confirmed in knockout animals where serotonin transporter genes were completely removed from the genome of the experimental animals. Distinctive brain and behavioral irregularities were observed in these animals, which were consistent with those observed in SS and SL genotypes (Lesch and Gutknecht 2005) . These studies suggest that excess of serotonin in S alleles produces irreversible changes in brain development and thereby potentially increased likelihood for addictive and high-risk sexual behaviors.
Although considerable research has focused on S and L alleles of 5-HTTLPR polymorphism, many other alleles have also been discovered. Based on the number of repeats, 5-HTTLPR has been classified into the S allele with 14 repeats and L allele with 16 repeats. However, other alleles with 15, 19, 20, and 22 repeats have also been described (Delbrück et al. 1997; Gelernter et al. 1997; Kunugi et al. 1996; Michaelovsky et al. 1999) . Because of the relative rarity of these alleles, not many researchers have focused on this topic. This is, indeed, a limitation because it restricts our understanding about the overarching 5-HTTLPR polymorphism phenomena. In addition, there are two subtypes of L alleles: LA and LG, identified as early as 2005 (Hu et al. 2005) . Studies show differences between LA and LG subtypes in relation to alcoholism (Enoch et al. 2011; Kranzler et al. 2011; Philibert et al. 2008; Thompson et al. 2010; Wang et al. 2012) . Comparative transcriptional activity between the LG, LA, and the S alleles showed that the LA allele is associated with increased transcriptional activity of 5-HTT, compared to LG, which is closer to the S allele (Hu et al. 2005) . Therefore, inconsistencies in associations between S or L alleles and alcohol use problems and risky sexual behaviors could be due to these LG and LA subtypes. Novel investigations based on the LA and LG variants could help in explaining some of the previously reported inconsistencies.
The mechanisms linking 5-HTTLPR polymorphism, alcohol use problems, and risky sexual behaviors are not fully understood. There could be gene × environment interactions influencing this relationship. Many studies have researched and established such interactions influencing 5-HTTLPR polymorphism and alcoholism. Environmental factors include many complex associations (e.g., stressful events, childhood abuse, peer pressure, unstable family environments, delinquency, etc.) play significant role in later development of alcohol use problems. In a study done by Vaht et al. (2014) among 1075 participants, it was observed that the effects of 5-HTTLPR on alcohol use was affected by a significant genotype × gender × cohort interaction (p<0.001). Females with an SS genotype in the older cohort (15 years old) reported significantly delayed first alcohol consumption when compared to females with SS genotype in the younger cohort (9 years old). This study suggested that such effects could be due to the environmental differences between the two cohorts. In a study done by Nilsson et al. (2005) , 5-HTT genotype and family relations interacted with one another and marginally predicted alcohol consumption in a group of 200 adolescents (p=0.05). Similar results were observed in a study by Kim et al. (2015) among 5091 adolescents where a significant gene × environment interaction influenced alcohol misuse in these participants. This study showed that low-activity alleles of 5-HTTLPR polymorphisms (S and LG alleles), when compounded with family conflicts, resulted in significant increase in alcohol misuse. Studies have also suggested that serotonin neurotransmission is a plastic phenomenon which changes in response to stressors and life experiences (Nilsson et al. 2005; Uher and McGuffin 2008) . Thus, the effect of genetic susceptibility can be enhanced or decreased depending upon life circumstances and environmental factors such as parental influences, delinquent friends, unstable family structure, low socioeconomic status, substance abuse among peers, gender discrimination, STI/HIV status, sex education, sexual behavior, norms, etc. Genetic factors may contribute an inherent susceptibility for alcohol abuse and sexual risk behaviors, whereas environmental factors are likely to act as moderators and induce expressions of these traits. For example, Kogan et al. (2010) study reported high-risk sexual behaviors at age 16 if the subjects had learned high-risk behaviors at age 14 only if they had S allele. Through similar mechanisms, genetic propensity to alcohol use and sexual risk behaviors could be influenced by environmental factors leading to more dramatic expression of these behaviors. The biological mechanisms of 5-HTTLPR polymorphism and alcohol use problems and sexual risk behaviors are still hazy. At this point, only associations have been made, but exact mechanisms have not been established. This opens a broad scope for genetic and environmental studies to understand the mechanisms and develop models for such associations.
Conclusion
Considering the existence of 5-HTTLPR polymorphism and its behavioral outcomes discussed above, alcohol use problems and high-risk sexual behaviors cannot be considered entirely as acts of volition. The effects of this polymorphism on alcohol use problems and risky sexual behaviors should be considered when developing HIV/STI and alcohol prevention programs. Future research should focus on larger and robust studies with enhanced external validity that explore 5-HTTLPR polymorphism, alcohol use problems, and sexual risk behaviors. This would help to establish protocols for effective STI/HIV prevention programs and alcohol cessation programs, possibly including pharmacotherapy (e.g., SSRI treatment) where deficiencies are noted. Finally, we recommend that a model linking factors associated with 5-HTTLPR polymorphism, alcohol use problems, and sexual risk behaviors be developed to further understand and explore these complex relationships.
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